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ABSTRACT OF THE DISSERTATION

Shear Strengths of Three "One-Step" Self-Etching Dental Bonding Agents

Jeff G. Alcaide

Doctor of Dental Surgery, Graduate Program in Pediatric Dentistry
Loma Linda University, May 2006
Dr. John Peterson, Chairperson

Objective: To compare the dentin shear bond strength ofthree self-etching
bonding agents with that of a conventional total-etch bonding system.
Materials & Method: Extracted third molars(120) were fixed in 10% formalin

and randomly divided into eight groups of 15 specimens each. The specimens were
mounted in acrylic resin and the surface ground to expose superficial dentin. A
standardized smear layer was created by polishing the surfaces with wet 600-grit silicon

carbide paper. Each adhesive system was placed on the specimen surface according to the
manufacturers' instructions. The specimen then was mounted onto a standardized jig and

light cured. Composite stubs of2.38 mm in diameter and 3 mm high were placed directly
on top ofthe bonding agent using incremental layers ofZ250, shade A1 composite.
Each sample was paired randomly for testing under two different conditions:
thermocycled and non-thermocycled. In the non-thermocycled group, samples were
incubated for 24 hours at 37°C while the thermocycled group was cycled 750 times in

alternating baths of5°C and 55°C with a 20 second dwell time in each bath.
The bonds were subsequently stressed to failure using a universal material testing

machine operating at a crosshead speed of 1 mm/min. The mean de-bonding force was
measured in Newtons(N)and converted to Megapascals(MPa)for statistical analysis.

Analysis was performed using the Mann-Whitney U-Test. The sample surfaces were

subsequently examined under a stereomicroscope to assess the percentage of cohesive
and adhesive failure.

Results: Mean results were given(MPa)for the non-thermocycled and

thermocycled samples.(Scotchbond= 38.3 ± 4.5 and 30.1 ± 4.9; G-Bond= 25.4 ± 3.1 and
19.6 ± 2.2; L-Pop=23.9 ± 2.9 and 20.3 ± 3.2; Brush & Bond= 30.0 ± 4.5 and 29.5 ± 2.5).
In both the non-thermocycled and thermocycled groups, the control had statistically

greater bond strengths than G-Bond, L-Pop, or Brush & Bond(p< 0.05).
Conclusions: The shear bond strength ofthe total-etch system (control) was

statistically higher than that ofthe self-etch systems. However, under conditions ofthe

present study, the self-etch bonding systems investigated were capable of providing
adequate dentin bond strengths.

CHAPTER ONE
INTRODUCTION

Since the introduction of tooth-colored restorative composites, dentistry has

experienced significant advances in the development of adhesive systems. Dental
bonding is used widely and successfully in dentistry today.(Swift 2002; Kugel and
Ferrari 2000). As new adhesives improve and become available on the market,they can
be an attractive addition to the clinician's bonding procedures since they not only save

time but are less technique sensitive (Irie et al. 2004; Tay et al. 2002; Garcia-Godoy and

Donly 2002; Nakaoki et al 2005; Perdigao et al 2003). In addition, since there is

integration with the smear layer (rather than removal of) the potential for post-operative
sensitivity is reduced(Wendt et al.l990; Irie et al. 2004; Tay 2002; Garcia-Godoy and
Donly 2002; Nakaoki et al 2005; Perdigao 2004).

Early research on dental adhesives is mentioned by several authors.(Swift 1998;
Van Meerbeek et al. 1998; Kugel and Ferrari 2000). The principles of adhesive dentistry
date hack to 1955, when Buonocore, using techniques ofindustrial bonding postulated
that acids can be used as a surface treatment on enamel before application ofthe resins

(Kugel and Ferrari 2000). Buonocore published his findings which laid the groundwork
for further research for both enamel and dentin adhesion (Buonocore 1955; Buonocore

1963).
With its introduction into the commercial market in the 1960's, the first

generation of adhesives was used primarily on enamel, which required mechanical
retention to maintain the bond, hut achieved clinically poor bond strengths. It was nearly

20 years before a second generation of adhesives was introduced (Swift 1998). These

adhesive systems produced bond strengths around 1-10 MPa which was not enough to

counter the effects of polymerization shrinkage, resulting in possible microleakage (Swift
1998). A major reason for the poor performance ofthese adhesives is that they were
bonded to the smear layer rather than to the dentin itself. Thus, their bond strength was

limited by the cohesive strength ofthe smear layer or by the weak and unstable adhesion
ofthe smear layer to the underlying dentin.(Swift 2002). The third generation adhesives,
in the mid to late 1980's, addressed this issue by adding a phosphoric acid-etch step

which allows for better bond strengths by eliminating the smear layer(Wendt et al.

1990). The separate etching step (i.e. "total-etch") was followed by a primer step and an

adhesive step giving it the name "multi-step" or "three-step" adhesive. This phosphoric
etching step remained a part ofthe adhesive system for the third, foiuth, and fifth
generations (Swift 1998). However,to further distinguish itself, fifth generation
adhesives combined the primer and adhesive step, reducing a three-step multi-process to
a two-step process.

In May 2000, a new classification system was proposed based on the number of
"components" or "steps" used (Second Intemational ESPE Dental Symposium 2000).
The terms "three-step" and "two-step" adhesive systems were now being used in place of
third, fourth, and fifth generation adhesive systems. Since the new categorization will
take time to be adopted, these terms will most likely be used interchangeably for the next

few years. In addition,"one-step" adhesive systems may also be used to describe sixth
and seventh generation adhesives.

Bonding ofresins through adhesion has become an integral part of restorative
dentistry(Garcia-Godoy and Donly 2002) and research has indicated that both permanent

and primary dentin can be effectively bonded with adhesives (Swift 2002). Many studies
measuring bond strength have been done on permanent teeth but few on primary teeth.
(Courson et al 2005). Moreover, results can be varied. Authors Swift, and Courson et al,
and Ateyah et al, give some possible explanations as to why primary teeth (and dentin in
general) may yield varied results. Chemical, morphological, and structural differences

between primary and permanent teeth are possible explanations. The fact that the
thickness of primary dentin is less compared with that of permanent dentin could be
responsible for the lower bond strengths on primary dentin. Finally, the differences in the
experimental design might contribute to the differences in results obtained on primary

versus permanent teeth (Courson et al 2005; Swift 1998; Ateyah and Elhejazi 2004). In
both Courson's and Swift's study, dentin in permanent teeth did exhibit higher bond
strengths than in primary teeth. In contrast, a study by el Kalla and Garcia-Godoy in 1998
showed that the majority of bonding agents tested did not show a significant difference
between primary and permanent dentin (el Kalla and Garcia-Godoy 1998). Garcia-Godoy
and Donly's study in 2002 showed evidence that bond strength to primary tooth dentin is
similar to permanent tooth dentin (Garcia-Godoy and Donly 2002). Recently, German et
al showed no significant differences between primary and permanent dentin (German et
al 2005).

What is considered adequate bond strength? Various sources suggest that bond

strengths in the 17-20 MPa range is adequate for providing routinely successful retention
of resins in a variety of clinical applications. In 1994, Retief and Russel performed a
study and determined that 17-24 MPa was needed to seal against microleakage at the
dentin-resin interface. In 1985, Munksgaard also performed a study in which he estimated

that a resin to tooth structure bond of 17 MPa was necessary for an adequate bond seal.

Swift in 1998 stated that removing the smear layer with phosphoric acid before bonding

produced shear bond strengths of composite resin to enamel of about 20 MPa and that
bond strengths in this range provided routinely successful retention and sealing ofresins
for a variety ofclinical applications. In an unpublished study, Charlton determined that
17 MPa was needed to negate PSS (polymerization shrinkage stress) effects.

Another important consideration is that shear bond strength is not the only factor
involved in maintaining a good bond. The seal against microleakage and the duration of
that seal are equally as important. In his 1998 article entitled "The clinical performance
of adhesives" Van Meerbeek stated in 1998 that an adhesive system must keep a

restoration in place for a significant time while completely sealing the restoration margins

against the ingress of oral fluids and micro-organisms(Van Meerbeek et al 1998).

Purpose

The purpose ofthis in-vitro investigation was to compare three one-step self-

etching adhesive systems and a total etch system utilizing shear bond strength testing.

Hypothesis / Alternative Hypothesis

Ho = There was no difference in shear bond strengths between the dentin adhesives
Hi = There was a difference in shear bond strengths between the dentin adhesives

CHAPTER TWO

MATERIALS AND METHOD

Experimental Design

This is an in-vitro study designed to measure the shear strengths ofthree new selfetching systems against a total etch system (SB): G-Bond(GC America, Alsip, IL), Prompt

L-Pop(3M ESPE, St Paul, MN), and Brush & Bond (Parkell, Farmingdale, NY). Table 1
lists the products and their respective companies:

Table 1: Test Materials and Manufacturers
Product

Company

Scotchbond Multi-Purpose(SB)

3M ESPE,St Paul, MN

G-Bond(GB)

GC America, Alsip, IL

Prompt L-Pop(LP)

3M ESPE,St Paul, MN

Brush & Bond(BB)

Parkell, Farmingdale, NY

Z-250(Resin)

3M ESPE, St Paul, MN

Composite & Shade used: Z-250 Shade A1(3M ESPE, St Paul, MN)

Acrylic Resin: Bosworth Neocryl(Belmont Industrial Estate, Durham,England)
Teeth: 120 recently extracted healthy third molars were collected and prepared for this
study.

Curing light: A standard halogen curing light: Demetron VCL 500(Kerr Co., Danbury,

Curing Radiometer (Intensity meter): Demetron model 100(Kerr Co., Danbury, CT)
Universal Testing Machine:(MTS Renew, Canton, MA)

Incubator:(VWR 1520, San Diego, CA)

Thermocycling Machine:(GP-200, Thermocycling Test Apparatus, Sabri Dental
Enterprises, Chicago, IL)

Polycarbonate Embedding Mold: Block mold with 15 cylindrical spaces.(Ultradent
Products, Inc., South Jordan, UT)

Jigs (Ultradent Products, Inc., South Jordan, UT): A polytetrafluoroethylene jig (2.38 mm
diameter, 3 mm high) was used to standardize the testing area.
Stereo microscope:(Nikon SMZ1500, Melville, NY)

Method

Step 1: All teeth were fixed in 10% formalin for no more than eight weeks, then cleansed
& stored in distilled water for 24 hours prior to preparation and testing.

Step 2: The samples were wet-ground to a suitable dentin surface using silicon carbide
abrasive wheels, then gradually polished sequentially with 120-grit, 240-grit, 400-grit and

600-grit sand paper to provide an area for testing. The samples were individually
mounted in resin, and randomly assigned into eight groups of 15. Samples were stored in

water for 24 hours prior to testing. Before the bonding procedure, the teeth were again
ground using 600-grit SiC abrasive paper to assure clean and fresh surfaces for bonding
and to remove any acrylic flash from the dentin surfaces.

Step 3: Adhesive application and composite bonding were performed according to
manufacturer's directions.

Step 4: Non-thermocycling /Thermocycling: This study measured the shear bond
strength under two different conditions:

a)Non-thermocycled Group: Half ofthe samples(n=60) were incubated for 24 hours at
37°C prior to de-bonding.

b)Thermocycled group: The remaining samples(n=60) were thermocycled 750 times in
alternating baths of5°C and 55°C with a dwell time of20 seconds in each bath and a
transfer time ofthree seconds between each bath(GP-200, Thermoeycling Test

Apparatus, Sabri Dental Enterprises, Chicago, IL)prior to de-bonding.

Figure 1: Shear Bond Strength Testing

Step 5: Placement ofjig onto the Universal Testing Machine and Shear Strength Testing:
After verifying the correct setup ofthe instrument, the jig containing one sample site was
secured into the universal testing machine(MTS Renew, Canton, MA). As seen in Figure

1, the jig was placed so the resin stub was perpendicular to the force applied by the
instrument. Shear bond strength was tested at a crosshead speed of 1.0 mm/min until
failure. The load at failure was recorded in Newtons and bond strength was converted

into Mega-Pascal(MPa). Measurements were automatically recorded by software

supplied with the MTS. The completed samples were subsequently evaluated with a
microscope to assess the percentage of adhesive and cohesive failures.

Step 6: Assessing the percentage of adhesive and cohesive failure. Using a stereo

microscope (Nikon SMZ1500, Melville, NY)the percentage of adhesive or cohesive
failure was recorded.

S
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Figure 2 Microscopic Failure Analysis (~40x Magnification)
Statistical Analysis

The results were analyzed and statistically compared using the Kruskal-Wallis
Ranks test at the significance level of a!=0.05 to compare the number of sample groups
and determine if there was a statistically significant difference within the groups. When a
difference was found, the Mann-Whitney U-Test at the significance level of o;=0.05 was

used to compare the various pairs to determine which groups were statistically
significant.

CHAPTER THREE
RESULTS

Mean results are given(MPa)for the non-thermocycled and thermocycled samples in
Table 2. In both the non-thermocycled and thermocycled groups, the control had statistically
significant greater bond strengths than GB,LP, and BB (p< 0.05).

Table 2: Shear Bond Strength Results(MPa)

SB (Control)

Non-thermocycled

Thermocycled

38.3 ±4.5

30.1 ±4.9

25.4 ±3.1

19.6 ± 2.2

23.9 ± 2.9

20.3 ± 3.2

30.0 ± 4.5

29.5 ± 2.5

Shear Bond Strength

CO 20
CQ
CO

CONT
Material

Figure 3: Bar Graph of Shear Bond Strength Results

As seen in Table 3 the total-etch system (SB)demonstrated greater bond strengths

than all three self-etching products combined(GB+LP+BB)in both non-thermocycled
and thermocycled conditions.

Table 3: Total-Etch vs. Self-Etch: Group Results
Condition

Control vs. test group

p-value

combined

Non-thermocycled

CONT >(GB+LP+BB)

p<.OOOI

Thermocycled

CONT >(GB+LP+BB)

p=.024

In Table 3, we see that the control SB is statistically significantly greater than

GB+LP+BB in bond strength with a p<.0001. The control SB (total-etch) also

demonstrated greater bond strengths against each self-etching adhesive system
individually, except for BB after thermocycling.

Table 4: Total-Etch vs. Self-Etch; Individual Results
Condition

Pair analyzed

p-value

Non-thermocycled

CONT > GB

p< .0001

Non-thermocycled

CONT > LP

p< .0001

Non-thermocycled

CONT > BB

p=.037

Thermocycled

CONT > GB

p=.002

Thermocycled

CONT > LP

p=.009

Thermocycled

CONT = BB

p= .935

Table 4 demonstrates that the control was statistically significantly greater than

each ofthe self-etching adhesives individually, except for BB. For BB,there was no

statistically significant difference in bond strength with p = .935.
There was a statistically significant difference after thermocycling among the self-

etching products tested(GB,LP,BB). In table 5, BB demonstrated greater bond strengths
than either GB or LP after thermocycling.

Table 5: Self-Etching Adhesives after Thermocycling

Condition

Pair analyzed

p- value

Thermocycling

GB=LP

p=.595

Thermocycling

BB>GB

p< .0001

Thermocycling

CHAPTER FOUR
DISCUSSION

As mentioned previously, various sources suggest bond strengths in the 17-20

MPa range are adequate for providing routinely successful retention of resins. Also,
previous studies have shown primary and permanent dentin to demonstrate similar bond
strengths. Because the results of the present study have demonstrated average bond
strengths in this range, it may be that the adhesive systems tested are capable of providing
similar bond strengths in both primary and permanent dentin, but these bond strengths
can vary widely based on a number of factors.

There are several possible sources of error in this experiment. These sources of
error include but may not be limited to; variation with products and samples(GB,LP,

BB), operator error, technique error, age of dentin, and the layer of dentin bonded are but
a few of the factors involved. Swift mentioned that bonding to dentin is more difficult

than bonding to enamel and also varies with location (Swift 2002). The histo-chemistry
of dentin is also different, with dentin being 45% inorganic vs. 92% inorganic with
enamel(Swift 2002). In addition, the hydroxyapatite crystals are more randomly arranged
in dentin than they are in enamel(Swift 2002). Authors Ateyah et al in 2004 wrote that
bonding to dentin can give less reliable results due to the characteristics of the dentin
itself—its organic content, tubular structure, and presence of outward fluid movement

(Ateyah and Elhejazi 2004). The random selection of 3"^'* molars used in this study may
exhibit some or all of these variations and may have contributed to the standard deviation
values observed.

Thermocycling attempts to simulate oral conditions over time by "cycling" a
specimen in alternating hot and cold baths. In the literature review, reports of operating
times and temperatures for each bath are varied. In 2005, Meguro et al demonstrated that
thermocycling can influence bond strengths depending on the components used in the
self-etching primer(Merguro et al 2005). However, there are also many studies showing
that no significant difference existed after thermocycling. Naughton and Latta in 2005
demonstrated that current bonding agents were capable of producing adequate bond
strengths and were not affected by thermocycling (Naughton and Latta 2005). In terms of
standardizing the number of cycles, various articles reported thermocycling varied from
as little as 100 cycles to over 2000 cycles. Further research should be done in the area of

thermocycling so a standard number of cycles can be determined. This would be helpful
in attempting to imitate clinical conditions and would also help standardize further
studies. Additional studies may also be indieated where specimens can be mechanically
cycled in an effort to simulate masticatory conditions.

CHAPTER FIVE

CONCLUSIONS

In the present study, human third molars were prepared and subjected to shear
bond strength testing to compare three new "self-etching" dental adhesive systems to a

"total-etch" system. The important findings of the study can be summarized as follows:
1. The shear bond strength of the "total-etch" system (control) was statistically
higher than that of the "self-etch" systems.

2. The "self-etch" bonding systems investigated were capable of demonstrating
clinically adequate dentin bond strengths.

As dental bonding agents continue to advance and become more efficient, any

changes in their effects on dentin must be taken into consideration. These self-etching
adhesive systems have been shown to be a viable alternative to conventional etching even
with their lower, but clinically acceptable dentin bond strengths. In addition, although

thermocycling has suggested an effect on the performance ofsome of these adhesive

systems, a standard must be developed before any significant conclusions can be made
about its use in shear bond strength testing.
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Table 6: Raw Data
Control

24Hr

T/C

GC America

T/C

24Hr

Parkell

3M ESPE

24Hr

.6

38.4

17.0

28.1

14.0

42.2

33.7

25.5

38.2

22.8

45.0

24.4

27.6

44.8

35.5

32.7

28.8

19.5

33.9

38.8

25.9

45.8

i

43.3
49.0
37.6
54.5

30.0
21.6
32.2
24.2
27.5
42.4

51.7
26.5

28.4
23.5

36.1
19.1

36.9
18.1
32.3
37.7
42.3

27.4

21.6
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